Abstract. The level of insulin after an overnight fast (basal) in 37 obese and nonobese male subjects with normal and abnormal carbohydrate tolerance was directly related to the increase in insulin concentration during a 3 hr 100 g oral glucose tolerance test. Obesity, but not diabetes, was associated with an elevation of this basal insulin level. Thus obesity predicted with the magnitude of the insulin response to glucose ingestion. When the individual insulin values were expressed as per cent change from the basal level, this effect of obesity was excluded. The insulin levels of all subjects with normal carbohydrate tolerance promptly rose 5-7-fold, and reached peak values 1 hr after oral glucose. In contrast, the diabetic response (as per cent increase) was markedly reduced during the 1st hr, and maximal (but still subnormal) insulin levels were not attained until 2 hr. In all subjects the insulin response (quantitated by calculation of the area circumscribed by a plot of the per cent change in insulin with time) showed a significant inverse correlation with the glucose response. Thus increasing degrees of carbohydrate intolerance were associated with decreasing insulin responses. Elevated levels of insulin, in both the basal state and in response to glucose, were related to obesity.
Introduction
When the first measurements of serum immunoreactive insulin levels were made during oral glucose tolerance tests (1) served to achieve higher insulin levels than subjects with normal glucose tolerance. Subsequently it was found that this exaggerated insulin response to glucose was not solely a feature of mild diabetes, but also occurred in obese nondiabetic subjects (2) . The observation that weight reduction restored normal carbohydrate tolerance, and abolished the excessive insulin response to glucose in one obese, mildly diabetic subject, suggested that obesity may contribute to the high insulin levels found in mild diabetes (3) .
Since most adult-onset diabetics are obese, the effect of obesity on insulin regulatory mechanisms must be carefully defined before insulin responses in diabetes can be properly evaluated. The present study was ,,4,14 '-. 0% 0%0-0 V0 000--0% 00 0\ V\0% 44) M. Methods 37 (17 obese and 20 nonobese) ambulatory, apparently healthy male volunteers, aged 40 to 60, were studied. Of these, 34 subjects were hospitalized on a metabolic ward for 3 days before the study, and fed a weight-maintaining diet which contained 300 g of carbohydrate daily. The additional three subjects were hospital employees who received the same dietary preparation, but were not hospitalized. Seven subjects had previous evidence of carbohydrate intolerance and were receiving oral hypoglycemic treatment which was discontinued at least 1 wk before hospitalization for study. No subject had ever received insulin treatment. All subj ects who weighed in excess of 25% of ideal body weight by Metropolitan Life Insurance Company tables were classified as obese; subjects who were within 15% of ideal body weight as nonobese.
After Results Fasting insulin levels of obese subjects (36 uU ± 17.6; mean + SD) were significantly higher (P < 0.001) than those of the thin subjects (15 MAU + 4.8) (Table I ). In the entire group of subjects, fasting IRI correlated directly with ideal body weight (Fig. 1 , r = 0.72, P < 0.001), but not with glucose intolerance (Table II, P > 0.5). Thus the degree of obesity, and not carbohydrate tolerance, was associated with the insulin level maintained after an overnight fast. Insulin responses could not be evaluated without consideration of these fasting levels, since there was a highly significant linear correlation between fasting insulin and insulin response to glucose in both nondiabetic and diabetic subjects (Fig. 2) vated fasting insulin levels, and the insulin response to glucose was increased in both groups of obese subjects (Fig. 3) .
This effect of obesity on insulin levels had to be eliminated to determine the relation between carbohydrate intolerance and insulin response. Two methods were tested. Responses were expressed as either a per cent change or an absolute increment above the fasting level. Only expression of the response as per cent changes (r = -0.04, P > 1.0) and not absolute increments (r = 0.58, P < 0.001) eliminated the correlation between obesity and insulin response.
When the insulin responses of all subjects were expressed in this way, thin and obese subjects with normal carbohydrate tolerance sustained a 5-7-fold elevation of circulating IRI levels within 60 min after glucose ingestion (Fig. 4 ). In contrast, diabetics did not achieve an early insulin peak, but reached maximum insulin levels at 2 hr. The insulin responses of the two nondiabetic groups were not significantly different from each other, and therefore the responses were averaged (Fig. 5) . Similarly, the IRI responses of the two diabetic groups were not different, and also were averaged. When the nondiabetic and diabetic responses were grouped in this way, insulin responses were significantly decreased in diabetics at 15, 30, 45 (P < 0.001), 60 (P < 0.01), and 90 min (P < 0.05), but did not differ after 90 min.
The area circumscribed by the 180 min integrated per cent insulin curve also was reduced in the diabetic subjects (P < 0.05). Thus the total insulin response to glucose was reduced in diabetes, and this impairment was most marked during the initial 90 min after glucose ingestion. This early impairment of insulin response to glucose in diabetes is emphasized by the highly significant inverse correlation of the glucose area and the 60 min integrated per cent insulin response in the entire group of 37 subjects (Fig. 6 A, r = -0.63, P < 0.001). However, a significant inverse correlation (r = -0.46, P < 0.01) was still present when the glucose and 180 min integrated per cent insulin responses were compared (Fig.  6 B) . The assumption of a linear correlation was not necessary in this analysis, since the nonparametric rank-difference correlation test also showed a significant inverse correlation (r = -0.41, P < 0.02). Thus, progressively severe glucose intolerance appeared to be associated with decreasing insulin responses to glucose.
Discussion
The elevation of basal (fasting) insulin levels found in obese subjects is in accord with other recent observations (9-13). Since no prior attempts appear to have been made to correlate the fasting insulin level with the insulin response, the possibility that the fasting level might predict insulin responses has not been previously considered. Results in the present study show that insulin responses clearly are related to the fasting level.
The significant correlation of the degree of obesity and fasting insulin levels is extremely important, since some studies appear to indicate a relation between fasting insulin levels and diabetes (11, 12) . However, when subjects with a wide range of glucose tolerance and body weight are examined, as in this study, only obesity and not carbohydrate intolerance is associated with elevated fasting insulin levels.
Although absolute insulin levels are probably important to peripheral tissues, they appear to be a poor index of the adequacy of an insulin response to a glucose stimulus. The relative increment above fasting levels and not the absolute level of circulating insulin appears to distinguish insulin responses in subjects with normal carbohydrate tolerance from insulin responses in subjects with abnormal carbohydrate tolerance. Thus when alterations in serum insulin levels are expressed as relative changes from the basal level, both obese and thin nondiabetic subjects respond similarly.
Adiposity could theoretically influence both fasting insulin levels and the insulin levels in response to glucose by increasing tissue insulin requirements. In accord with this hypothesis, insulin sensitivity of human adipose tissue is diminished in obesity, both in the intact forearm preparation (9) and in isolated adipose cells (14) .. The For example, a study of insulin levels in obesity (12) was interpreted to show that obese diabetics have greater insulin responses to glucose than obese nondiabetic subjects. Since the diabetic group had a higher mean fasting insulin level, the groups may not have been strictly comparable.
In another study (11) in which insulin levels in obese nondiabetic and diabetic subjects with identical mean fasting insulin levels were compared, the insulin response to glucose was reduced in the diabetic group. In contrast, in this same study the insulin response of the thin diabetic group appeared to be greater than normal. Since the mean fasting insulin level of the thin diabetic group was nearly twice that of the normal group, results of the present study would predict a greater insulin response.
In this study, obesity was the only factor which correlated with the fasting insulin level. It is clear, however, that per cent ideal body weight, which was employed to quantitate obesity, is a poor index of relative adiposity. Other factors, as yet unidentified, probably also influence basal insulin. In the present study two subjects with identical relative weights do not always have identical fasting insulin levels. Only when the group is examined as a whole does the relation between adiposity and basal insulin become evident. However a variation in insulin response related to differences in basal insulin, regardless of the cause, may be eliminated by normalization of the response.
Additional evidence has accumulated which supports the concept of impairment of insulin responses to a variety of stimuli in all diabetics, irrespective of weight. Insulin responses in mild diabetics have been found to be subnormal after the administration of both intravenous (15) and oral glucose (16, 17) , a mixture of amino acids or arginine (17) , and glucagon (18) .
Although Yalow and Berson (19, 20) and Seltzer et al. (13) also noted a deficient early insulin response and late insulin peak in diabetes, some groups of mild diabetics in their series had greater than normal mean insulin responses to glucose independent of obesity. It is difficult to reconcile these results with the present observations. Differences 
